In the course of our research for novel antiviral compounds, we demonstrated that some N-long-chain monoacylated or N-monocarbamoyl derivatives of 2,6-diaminopyridine (DAP) (A, B) possessed a notable antiviral activity against herpes simplex virus type 1 (HSV-1) (Chart 1). 1, 2) We reported previously on the synthesis and properties of the Nmonocarbamoyl derivatives obtained by the addition of symmetrical 1,2-diamines (1, 3) to iso(thio)cyanates. By the introduction of an adamantyl group as a substitutent, we found that derivative B showed less cytotoxicity and comparable antiviral activity than that of compound A.
It is well known that adamantane derivatives possess various biological activities, 3) and among these derivatives are some of the potent antiviral agents that have been reported so far, especially those against the influenza virus. 4) Furthermore, a dramatic improvement in physical properties has been shown recently in some bioactive adamantane series. 5) These reports led us to further study molecular modification and evaluation of synthesized derivatives, aiming at the discovery of new leads with antiviral activity via interference with sugar chains, as postulated in our previous hypothesis. 2) In this paper, we describe the preparation of N-carbamoyl and N-acyl derivatives from symmetrical 1,2-and 1,3-diamines (1) (2) (3) and show the results of plaque reduction assay conducted for their anti-HSV-1 activity.
Results and Discussion
Synthesis of N,N-Dicarbamoyl and N-Monocarbamoyl Derivatives [(1R,2R)-7(aa-cc), meso-7bb, 9bb, (1R,2R)-7c, cis-7b, and 9b] from Symmetrical Diamines These target compounds were prepared by the reactions of the symmetrical diamines [(1R,2R)-1,2-diaminocyclohexane [(1R,2R)-1], meso-1,2-diaminocyclohexane (meso-1), or 1,3-diaminocyclohexane (2)] with the corresponding iso(thio)cyanate (4a-c) as shown in Chart 2. The reaction conditions and yields of the products are summarized in Table 1 . In these experiments for the preparation of N-carbamoyl derivatives, both formations of N-monocarbamoyl [(1R,2R)-7c, cis-7b, or 9b] and N,NЈ-dicarbamoyl derivative [(1R,2R)-7cc (15%), meso-7bb (7%), or 9bb (21%)] always took place under reaction conditions with an equimolar ratio of diamine : iso(thio)cyanate (1 : 1) (entries 3, 7, 9, respectively). These reactions were carried out under simple stirring or refluxing in an appropriate solvent (see Table 1 ). The change in the ratio of diamine : iso(thio)cyanate (1 : 2.1) resulted in the formation of N,NЈ-dicarbamoyl derivative in excellent yields (entries 1, 2, 4, 8, 10). The formation of N,NЈ-dicarbamoyl derivative [meso-7bb (93%)] needed a longer reflux time [18 h in tetrahydrofuran (THF)] due to the steric hindrance of the initially introduced bulky carbamoyl group for the second addition stage. In this experiment, a small amount of byproduct N,NЈ-di (1-adamantyl) thiourea (8) 6,7) was also obtained in a 4% yield (entry 8). However, the products were always contaminated with N,NЈ-diacyl derivative, resulting in decreased yields of the products by repeated purification. The yields of the pure materials (1R,2R)-7d and (1R,2R)-10d after repeated recrystallization and/or chromatography were 22 and 17%, respectively (entries 5, 11). In contrast to these experiments, the preparation of N-monoacyl derivative hydrochloride afforded the pure salt of mono-adduct [(1R,2R)-7d · HCl or (1R,2R)-10d · HCl] in a moderate yield (44 or 50%, respectively, entries 6, 12, see Experimental). In the case of the reaction of diamine [(1R,2R)-3] and acid anhydride (5), diacylated adduct [(1R,2R)-10dd] was isolated in a 14% yield. Many reactions of 1,2-diamine with acid anhydride reported previously afforded heterocyclic compounds by easy cyclization in the following stage. To the best of our knowledge, only a few examples of N-monoacyl derivatives have been reported. Accordingly, the method described above could be used as a conventional procedure for preparing the N-monoacyl derivative as its HCl salt. Studies on synthetic applications are now in progress.
Synthesis of N-Monoacyl
Synthesis of N,N-Diacyl Derivatives [(1R,2R)-10ee, and meso-10ee] from Symmetrical Diamines These compounds were easily synthesized from the reactions of 1,2-diphenylethylenediamine [(1R,2R)-3 or meso-3] with n-decanoyl chloride (6) . In the case of the reaction with (1R,2R)-3, the ratio of diamine : acyl chloride (1 : 1) in the presence of Na 2 CO 3 (1.5 eq), analytical sample of the N,NЈ-diacyl derivative (1R,2R)-10ee was isolated in a 65% yield merely by recrystallization from EtOH (entry 13). The reaction of meso-3 and acyl chloride (6) also gave N,NЈ-diacyl derivative (meso10ee) in excellent yield under the reaction conditions of the diamine : acyl chloride : Na 2 CO 3 (1 : 2 : 3.5) (entry 14). The structures of the compounds synthesized above were easily confirmed by spectroscopic and elemental analyses (Tables 2-4) .
Evaluation of Antiviral Activities The anti-HSV-1 activities of the target compounds were estimated by using a plaque reduction assay in Vero cells.
11) Among these compounds, N-monocarbamoyl derivatives (cis-7b) from 1,2-diaminocyclohexane (1) showed more potent anti-HSV-1 activity (EC 50 ϭ27.0) than the original lead (1R,2R)-7a 1) (EC 50 ϭ42.0) reported previously. 1) Compound cis-7b, however, showed a greater cytotoxic property than (1R,2R)-7a and had a much lower selectivity index (CC 50 /EC 50 ϭ1.4). The compound 9b derived from 1,3-diaminocyclohexane (3) showed no significant antiviral activity at the concentration of 40 mg/ml.
Among the synthesized compounds, N,NЈ-dicarbamoyl derivative (1R,2R)-7aa showed the highest activity (EC 50 ϭ 16.0 mg/ml), however, this compound showed cytotoxicity (CC 50 ϭ64.0 mg/ml). In terms of the selectivity index, the compounds (1R,2R)-7a and (1R,2R)-7aa were nearly identical (CC 50 /EC 50 ϭ4, 6). The other N,NЈ-dithiocarbamoyl derivatives of adamantane didn't show antiviral activity under a dose of 20-40 mg/ml. The N-acyl derivatives synthesized above, unfortunately, also showed no significant antiviral activities under a dose of 20-40 mg/ml. The introduction of a pyrazine nucleus as a part of the acyl groups in the target 1054 Vol. 56, No. 7 Table 5 . The N,NЈ-dicarbamoyl derivative [(1R,2R)-7aa] possesses two adamantyl urea moieties and has no basic primary amine functionality in the molecule. In comparison with antiviral activity in adamantyl derivatives such as 1-aminoadamantane 4) and N-(1-adamantyl)thiourea, 12) this fact is quite interesting for the search of antiviral compounds (leads), providing useful information for molecular modification of adamantane series. However, since the plaque reduction assay applied in this study offers no advantage in finding detailed information of the mode of action of the antiviral compounds, we need to make more precise experiments for further discussion. 0.2-0.9 Ͼ800 -a) This compound (1R,2R)-7a has been reported. 1) b) Data were taken from ref. 13. tracted with CH 2 Cl 2 (3ϫ30 ml) and washed with brine (30 ml), and the organic layer was dried (MgSO 4 ), filtered, and evaporated to give a crude product, which was purified by recrystallization from EtOH to give this product, (1R,2R)-10ee (entry 13).
Preparation of N,N-[(1S,2S)-1,2-Diphenyl-1,2-ethanediyl]bis(decanamide) [meso-10ee]
This compound was prepared in a similar manner to the above compound (1R,2R)-10ee, except for the mole ratio of reagents as shown in Table 1 (entry 14) .
The physical and spectroscopic ( 1 H-and 13 C-NMR) data for the prepared compounds (7-10) are summarized in Tables 2-4 .
Antiviral Activity Assay and Cytotoxicity of Target Compounds (7-10) The antiviral activities of synthesized compounds were measured by using a plaque reduction assay 11) as described in our previous paper. 1) For some of the active compounds in this study, the calculated EC 50 and cytotoxicity (CC 50 ) values are summarized in Table 5 . Other compounds showed no significant anti-HSV-1 activity under the dose of 20-40 mg/ml. The cytotoxicity of the compounds cis-7b, 9b, (1R,2R)-7aa, and meso-7bb were determined by the method described in a previous paper.
